Carbon exchange rate (CER) and transpiration were measured in flag leaves, whole ears, glumes (referring to the total area of glumes and lemmas) and awns, in six hexaploid spring wheats (Triticum aestivum L.), three cultivated tetraploid spring wheats (T. turgidum L.), four wild tetraploid wheats (T. dicoccoides\ eight six-rowed barleys (Hordeum vulgare L.) and five two-rowed barleys (H. vulgare L.).
INTRODUCTION
Both the flag leaf and the inflorescence have a major role in affecting cereal grain yields. This has been shown, for example, by Simpson (1968) where the area above the flag leaf node was positively and highly correlated with grain yield for 120 varieties of wheat (Triticum aestivum L.) . While the area of the flag leaf is indeed important in this respect (Monyo and Whittington, 1973) , the rate of carbon exchange per unit flag leaf area may also affect the yield variations among varieties of cereals (Shimshi and Ephrat, 1975; Brinkman and Frey, 1978) .
The relative contribution of assimilation by the ear to cereal grain yield has been reviewed (Evans, Wardlaw, and Fischer, 1975) . Estimates range anywhere from 13% (Biscoe, Gallagher, Littleton, Monteith, and Scott, 1975) to 76% (Evans and Rawson, 1970) , depending on the plant, the environment and the experimental procedures. The ear assumes a greater role than flag leaves in supplying assimilate to the grain when water stress develops (Evans, Bingham, Jackson, and Sutherland, 1972; Johnson and Moss, 1976) . The better ability of ears than of leaves to supply assimilate to the grain under conditions of water stress depends partly on the greater availability to the grain of ear assimilate than of flag leaf assimilate (Carr and Wardlaw, 1965) and on the water relations of the ear. Spikelets maintain a higher water potential than leaves under conditions of water stress (Morgan, 1977) and they are more effective than leaves at osmotic adjustment (Morgan, 1980) . The ear becomes the major site for transpiration in severely water stressed wheat (Blum, Mayer, and Gozlan, 1983) .
The photosynthetic capacity of the ear is a function of its total green surface area, including the awns (Thorne, 1965; Derera and Stoy, 1973; Teare, Sij, Waldren, and Goltz, 1972) . The difference in ear surface area, as the function of the amount of awns, accounted for the greater ear photosynthesis in a barley (Hordeum vulgare L.) variety than in a wheat variety (Johnson, Frey, and Moss, 1984) and in tetraploid wheat than in hexaploid wheat (Olugbemi, Bingham, and Austin, 1976) . Grundbacher (1957) concluded that the importance of awns in supplying carbohydrates to the grain increases as water stress develops. He cited results by Grantham (1919) from 26 tests of 1986 wheat varieties; awned varieties yielded more than awnless varieties, mainly because the former had less shrivelled grain. Later work established this by using physiological parameters, but the basis for the physiological advantage of the awns under conditions of water stress remains unclear. Grundbacher (1957) reported that the awn has distinct xeromorphic features, such as a thick epidermis and cuticle and a predominance of schlerophylous and conductive tissues. However, Teare et al. (1972) found that transpiration ratio (photosynthesis/transpiration) was greater in awnless than in awned isogenic lines of wheat.
Photosynthesis and transpiration in flag leaves, ears and ear components of several species of cereals were measured. In view of the reported differences in flag leaf photosynthesis between wheats of different ploidy levels and different evolutionary stages (Evans and Dunstone, 1970, Dunstone, Gifford, and Evans, 1973; Austin, Morgan, and Ford, 1982) , tetraploid and hexaploid wheats were included in this study.
MATERIALS AND METHODS
Plants were grown without stress in a disease-free field environment at Bet Dagan, during December-May 1983/84. Each variety was grown in one plot, 8-0 m long and 2-0 m wide.
A total of six hexaploid spring wheats (T. aestivum L.), three cultivated tetraploid spring wheats (T. turgidum L.) four wild tetraploid wheats (T. dicoccoides), eight six-rowed spring barleys (H. vulgare L.) and five two-rowed spring barleys (H. vulgare) were tested (Table 1) .
At the start of anthesis 10 ear-bearing main stems were placed with their cut ends in water and brought to an air-conditioned laboratory, where the temperature was 19-22 °C and the irradiance 55 W m~2. The time that elapsed between sampling and gas exchange measurement was 2-4 h, with replicates distributed along time.
All varieties flowered within 10 d, during which the field environment was normal and mild. Study at anthesis was preferred since the developing grains have an effect on ear gas exchange (Evans and Rawson, 1970) .
A closed system was used for carbon exchange and transpiration measurements, as described elsewhere (Blum and Sullivan, 1985) . Detached ears were placed upright (in pairs) inside a 4-5 dm 3 air-tight perspex chamber with their peduncles passing through an air-tight silicon-rubber stopper into a beaker of water. One detached flag leaf connected to a section of its sheath with the enclosed stem section was supported in a perspex frame, so as to keep it flat. It was then placed horizontally, about 50 cm above the bottom of the chamber, with the leaf sheath section passing through an air-tight silicon-rubber stopper into water. The Chamber contained a 'Cole-Parmer' temperature-hygrometer probe. A heating element was connected to one of the walls inside the chamber. A small DC-operated fan vigorously mixed the air inside the chamber. The chamber was placed under a 750 W 'Philips' A leaf or a pair of ears was placed in the chamber and the light was turned on. External air was pumped through a CO 2 and humidity trap (a glass column containing KOH pellets) into the chamber, in order to reduce initial CO 2 concentration to 310± 10 parts 10~6 and relative humidity to 35±5%. The desired temperature was attained by applying current to the heating element until a temperature of 24 °C was reached. During the measurement period temperature was raised by the radiant energy to a maximum of 25-5 °C. After 5 min, the time shown to be necessary to achieve a steady state of carbon exchange and transpiration, an air sample of 6-0 cm 3 was withdrawn from the chamber with a syringe through a minute (0-6 mm) hole. A 5-0 cm 3 sample was injected into a 'Beckman' infrared gas analyser and the CO 2 concentration measured (Qegg, Sullivan, and Eastin, 1978) . The procedure was repeated after 10 min. At the time each air sample was taken chamber temperature and relative humidity were recorded and used for calculating transpiration rate. Of the 390 measurements performed at 5 min and 15 min, only a few gave significantly different values of CER at the two intervals. The means of values at 5 min and 15 min were therefore used.
Flag leaf area was calculated from linear measurements of length and width. Ear surface area was measured and calculated by the method of Teare and Petersen (1971X with respect to glumes, lemmas and awns. The palea is difficult to measure but it is relatively insignificant in terms of total area per ear (Teare and Peterson, 1971) and net contribution to gas exchange (Evans and Rawson, 1970) . It was accounted for by adding 2% to the total area of glumes and lemmas, and this total area is referred to as 'glumes', throughout the rest of this paper. Measurements were performed for four spikelets in each ear, two from the basal quarter and two from the apical quarter of the ear, and the average values were multiplied by the number of spikelets per ear. All areas represent one side of the measured organ, except for awns. After surface area measurements the awns were clipped from the ears and these returned to the chamber for gas exchange measurements. The difference in gas exchange between the same awned and de-awned ears allowed the partitioning of gas exchange between awns and 'glumes'. The possible effect of awn clipping per se on gas exchange was evaluated for the wheat variety 'Bethlehem' and the barley variety 'Ruth'. Gas exchange was measured in de-awned ears and in ears where all the awns were carefully coated with a layer of silicon-grease. The results for both carbon exchange rate and transpiration in the two treatments were statistically (5 replications) the same.
Statistical analysis of the data was performed through the SAS program (SAS Institute, Box 8000, Cary, North Carolina).
RESULTS AND DISCUSSION
Size of organs Flag leaf area differed significantly between varieties, within each species. On the average, it was significantly larger in wheat than in barley (Table 2) .
Total surface area of the ear was larger in tetraploid wheat than in hexaploid wheat and larger in six-row barley than in two-row barley. These differences were largely determined (Table 2 ) by the amount of awns in the ear, where the proportion of awns in total ear area was greater in tetraploid wheat than in hexaploid wheat and greater in six-row barley than in two-row barley.
Total ear surface area was larger than flag leaf area by a factor of 11, 3-9, 5-5 and 4-4, in hexaploid wheat, tetraploid wheat, six-row barley and two-row barley, respectively. The ratio of 1-1 in hexaploid wheat corresponded very well with data of Teare and Peterson (1971) , for what they denned as 'long-awned' (hexaploid) wheats.
Since the awns contributed very significantly to total ear surface area, the conclusions of Mcdonough and Gauch (1959) on the importance of awns in affecting the plant light intercepting area per unit of ground surface, are supported.
Carbon exchange rate (CER)
CER per unit flag leaf area differed significantly between varieties within each species (Table 3) . However, the average CER per unit flag leaf area was statistically the same for each species. Total flag leaf CER was significantly greater in wheat than in barley and greater in tetraploid wheat than in hexaploid wheat. These differences could be accounted for by respective differences in flag leaf area (Table 2) , rather than by respective differences in CER per unit flag leaf area (Table 3) . Thus, the correlation, across all varieties, between total flag leaf CER and flag leaf area was 0-812 {P = 0-0001), while the correlation between total flag leaf CER and CER per unit flag leaf area was only 0-423 (P = 0-035). CER per unit flag leaf area was not correlated, across all varieties, with flag leaf area (r = 0-099). This is not in agreement with the results of Planchon (1979) , Austin et al. (1982) and Blum and Sullivan (1985) , where such a correlation was negative and significant.
The four T. dicoccoides accessions (data included in the mean values for the tetraploid wheat, Table 3 ) differed significantly in CER per unit leaf area, within a range of 6-8-17-4 mg dm" 2 h ~'. Analysed as a separate group, T. dicoccoides did not differ in mean CER per unit flag leaf area from either the cultivated tetraploid wheat or the hexaploid wheat. This is not in agreement with the results of Evans and Dunstone (1970) or Austin et al. (1982) , where CER per unit flag leaf area differed with ploidy level and evolution. Rather than being different from either wheats in CER, T. dicoccoides was characterized by a large variation in this respect among the four accessions. This is typical of the large genetic diversity in this species 
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(*). (**)-Differences among varieties within a group are significant at P < 0O5 and P < 0-01, respectively. '-Letters designate significant differences (at P < 0-05) between group means, as follows: WB-between wheat and barley, TH-between tetraploid wheat and hexaploid wheat and ST-between six-row and two-row barley. (Nevo, Golenberg, and Beiles, 1982) . The results of this study lend support to those of Holbrook, Keys, and Leech (1984) who did not find a difference in the biochemistry of photosynthesis between tetraploid and hexaploid wheats. The reason for the disagreement among studies at this point may lie in the fact that while others (Evans and Dunstone, 1970; Austin et al., 1982) measured intact leaves, detached leaves were measured here. Dunstone et al. (1973) proposed that CER per unit flag leaf area can be different in wheats of different ploidy level due to the existence of active sinks (such as growing tillers in diploid wheats) at the time of measurement. Work with detached leaves would therefore disassociate CER measurements from such phenotypic interactions and better represent the genotypic interactions. This is also supported by the lack of a negative association (see above) between CER per unit leaf area and leaf area in this study, in contrast to other studies where intact leaves were measured.
Total ear CER ranged in the various varieties from 09 to 6-4 mg h' 1 , corresponding very well with values reported by others (Thorne, 1963; Teare et al., 1972; Johnson and Moss, 1976) . The awnless hexaploid variety ('Florence/Aurore') had a value of 1-6 mg h" 1 . Although varieties differed significantly in CER per unit area of ear, glumes and awns (Table 3 ), significant differences between all species existed only in total ear CER, and not in rates per unit area of ears, glumes or awns. The correlation, across all varieties, between total ear CER and CER per unit area of either glumes (r = 0011) or awns (r = 0-153) was non-significant. In contrast, the correlation between total ear CER and ear surface area (r = 0-731 was significant. Total ear CER was, therefore, controlled largely by ear surface area rather than by the rates per unit area of glumes or awns.
CER per unit area was appreciably smaller in the ear than in the flag leaf (Table 3) , within a range of 11-3-27-2% in the different species. The lower relative photosynthetic efficiency of the ear can be explained, at least partly, by the lower stomatal density in the ear (Teare, Low, and Simmons, 1972) . However, as surface area was larger in the ear than in the flag leaf, total ear CER amounted to 316, 90-6, 86-7 and 783% of total flag leaf CER, in hexaploid wheat, tetraploid wheat, six-row barley and two-row barley, respectively.
A positive significant correlation was found across all varieties between CER per unit flag leaf area and CER per unit glume area (r = 0-759), but not with CER per unit awn area (r = 0-213). Thus, when genetic variation is considered, the glumes apparently behave in a correlative manner as the flag leaf, while the awns are different in this respect.
The mean contribution of awns to total ear CER (Table 3) was roughly within a range of 40-80% in the different species. This value was relatively high in six-row barley that had the largest proportion of awns in total ear surface area (Table 2) .
Transpiration
Transpiration per unit flag leaf area differed significantly between varieties, within a range of 226-1076 mg dm" 2 h" 1 . Species did not differ significantly in this respect (Table 4) . T. dicoccoides, as a group, did not differ in this respect from any of the other species, having a range of 447-1076 mg dm" 2 h" 1 across the four accessions. Mean total flag leaf transpiration was significantly higher in wheat than in barley, largely due to the respective difference in flag leaf area. Mean total transpiration was lower in the ear than in the flag leaf, by about 23-70%, in spite of the larger area of the ear. The reason is in the smaller rates of transpiration per unit area in the ear than in the flag leaf. Mean transpiration rates per unit area were lower in the ear than in the flag leaf by 74-89%. The correlations, across all varieties, between total ear transpiration and transpiration per unit area of the ear, the glumes or the awns were small and insignificant. In contrast, the correlations between Table 2 .
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While awns contributed about 40-80% of total ear CER, their contribution to total ear transpiration was much smaller (Table 4) , roughly about 10-20%. While awns consisted of about 50-70% of the ear surface area (Table 2) , their contribution to ear transpiration was disproportionately smaller, due to their low rates of transpiration per unit area, as compared with the glumes.
Transpiration ratio
While varieties differed significantly in transpiration ratio of the flag leaf and the ear (Table 5) , species did not differ in this respect.
Transpiration ratio was higher, by several orders of magnitude, in awns than in either the glumes or the flag leaf. This is a direct result of the very low transpiration per unit area of awns.
The importance of awns is therefore twofold. In having a large surface area they contribute effectively to total ear CER, and in having very low transpiration per unit area they contribute little to total ear transpiration. The awns are, therefore, a water-use efficient organ, as reflected in their high transpiration ratio. A large amount of awns in the ear is a drought adaptive attribute in these cereals. By this criterion, awned varieties are better adapted than awnless varieties, as concluded by others (Grundbacher, 1957; Evans et al., 1975; Olugbemi et al., 1976) , tetraploid wheat is better adapted than hexaploid wheat and six-row barley is better adapted than two-row barley. The large variation in this respect (Table 5) between varieties within a species should be noted. One example is striking. Of all the hexaploid wheats, cv. 'Bethlehem' (Table 1) , previously reported as selection '676', had the highest proportion of awns in total ear surface area (54-1%) and the highest transpiration ratio in both the flag leaf (0053) and the ear (0-043). This variety was specifically selected for yield performance under dryland conditions and its drought resistance has been established in both agronomical (Blum, 1982) and physiological (Blum et al, 1983) terms.
